I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Urothelial carcinoma (UC) is the second most common malignancy of the urogenital system, following prostate cancers, ranking 11^th^ in incidence in global cancer statistics.\[[@ref1]\] Around 75% of patients present with early, 20% with higher tumor stage, and 5% with metastatic disease. Disease recurs in overall 70% of treated patients, with 30% of these patients developing metastatic disease.\[[@ref2]\]

Urinary cytology is an inexpensive screening tool for high-risk patients for UC as well as follow-up of patients with treated disease. Cystoscopy followed by histopathological examination of biopsy is the gold standard for diagnosis. However, it is an invasive procedure and may miss flat lesions especially carcinoma *in situ* (CIS) which is considered as a high-grade lesion. In this scenario, the ease of procurement, cost-effectiveness, and lower turnaround time add advantage to urinary cytology and make it an effective screening procedure. Nevertheless, low sensitivity toward low-grade lesions and equivocal results of urinary cytology are the major limiting factors.\[[@ref3][@ref4]\]

Different classification schemes have evolved with changing histopathological classifications, increased understanding of urinary cytology, and changing expectations of treating physicians. Various classification schemes proposed by Koss *et al.*\[[@ref5]\] were the earliest documented attempts at classifying urinary cytology findings followed by the classification schemes by Ooms and Veldhuizen\[[@ref6]\] and Layfield *et al.*\[[@ref7]\] Recent reporting schemes include the John Hopkins template and The Paris System (TPS).\[[@ref8]\] The latest TPS reporting format evolved as a consensus between expert cytopathologists and urologists to bring in uniformity in terminology used in reporting urinary cytology. Considering the aggressive nature of high-grade UCs (HGUCs) in comparison to low-grade urothelial neoplasms (LGUNs), the first meeting of TPS working group concluded that the new system should concentrate on the detection of HGUC. This paradigm shift became the guiding principle for this new TPS reporting.\[[@ref9]\]

This study aims to compare the current system of reporting (CSR) at our institute with TPS and analyze the utility of urine cytology based on TPS reporting in correlation with urine culture and histopathology. This will enable us to evaluate the utility of TPS guidelines for classifying the urinary cytology observations into various categories and assess its sensitivity and accuracy in detecting HGUC which further has a bearing on clinical management.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

A 1-year retrospective cross-sectional observational study was undertaken in the Department of Pathology from July 2016 to June 2017. The study included urinary cytology of 90 patients who presented with painless hematuria. Institutional ethics committee approval was obtained.

Second voided morning urine samples were obtained on 3 consecutive days. Each sample was processed using cytocentrifuge (Remi R8C BL) for 10 minutes at 1500 rpm. Low cellularity samples were processed using cytospin (Sakura Cytotec) for 5 min at 500 rpm. Two smears were prepared from each sample and stained by Papanicolaou stain and May--Grunwald--Giemsa stain following standard staining procedure.\[[@ref10]\] The slides were classified into one of the seven categories following the algorithmic approach as per TPS guidelines.\[[@ref8]\] The diagnostic categories of TPS system were compared to the current reporting system \[[Table 1](#T1){ref-type="table"}\].

###### 

Categories and number of cases under each category as per the current system of reporting and the Paris system

  Current system of reporting                  *n* (%)     The Paris system                                                      *n* (%)
  -------------------------------------------- ----------- --------------------------------------------------------------------- -----------
  Unsatisfactory                               1 (1.1)     Nondiagnostic/unsatisfactory                                          1 (1.1)
  Negative for malignant cells                 42 (46.7)   Negative for high-grade urothelial carcinoma                          47 (52.2)
  Atypical cells - favor reactive change       15 (16.7)   Atypical urothelial cells                                             10 (11.1)
  Atypical cells - suspicious for malignancy   18 (20)     Suspicious for high-grade urothelial carcinoma                        16 (17.8)
  Positive for malignant cells                 13 (14.4)   High-grade urothelial carcinoma                                       10 (11.1)
  Low-grade urothelial neoplasm                5 (5.6)                                                                           
  Others                                       1 (1.1)     Other: primary and secondary malignancies and miscellaneous lesions   1 (1.1)

The cytological diagnosis was correlated with histopathology and urine culture for microbial growth. The histopathological specimens were obtained by cold cup biopsy technique and transurethral resection of bladder tumor. Data were tabulated and analyzed using statistical tests for sensitivity, specificity, accuracy, positive predictive value (PPV), and negative predictive value (NPV) using SPSS 17 software.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The study included 90 patients who presented with painless hematuria. Sixty-three patients (70%) were males and 27 (30%) were females with a male-to-female ratio of 2.3:1. The age ranged from 17 to 87 years (median age = 59 years). The age of patients with UC ranged from 36 to 82 years (median age = 62 years). Seven of 90 cases (7.8%) were previously treated cases of UC on follow-up for recurrence.

The comparative analysis of the diagnostic categories based on the CSR and TPS is depicted in [Table 1](#T1){ref-type="table"}. The histopathological diagnosis of the surgical specimens included a spectrum of benign and malignant urothelial lesions as depicted in [Table 2](#T2){ref-type="table"}. Our study also included two cases (2.2%) of prostatic adenocarcinoma invading the urinary bladder, one case (1.1%) each of renal cell carcinoma and cervical squamous cell carcinoma invading the urinary bladder.

###### 

Histopathological diagnosis of the surgical specimens

  Histopathology                    *n* (%)
  --------------------------------- ----------
  High-grade urothelial carcinoma   21 (35)
  Low-grade urothelial carcinoma    15 (25)
  PUNLMP                            1 (1.7)
  Carcinoma *in situ*               2 (3.4)
  Other malignancies                4 (6.7)
  No evidence of malignancy         8 (13.3)
  Benign                            9 (15.0)
  Total                             60 (100)

In the CSR, 13 cases (14.4%) classified as "positive for malignant cells" were categorized as eight cases of HGUC and five cases of LGUN by TPS. Eighteen cases (20%) reported as "atypical cells -- suspicious for malignancy" by CSR were recategorized as two cases (11.1%) of HGUC and 16 cases (88.9%) of suspicious for high-grade UC (SHGUC) by TPS. Five of 15 cases (33%) in the category "atypical urothelial cells (AUC) -- favor reactive" in the CSR were reclassified as negative for high-grade UC (NHGUC) using TPS. Ten of 15 cases (67%) were categorized as AUCs by TPS.

Detection rate for "AUC" using TPS was 11.1% (versus 16.7% by CSR). On histological correlation, 4 of 10 cases (40%) were malignant (UCs) and 5 of 10 (50%) were benign and included four cases of cystitis cystica and 1 of nonspecific cystitis. One case with microbial growth on urine culture was noted. On cytohistological correlation, the rate of detection for HGUC and LGUN was 95.24% and 62.5%, respectively \[[Table 3](#T3){ref-type="table"}\].

###### 

Cytological and histopathological correlation

  Cytology   Histopathology                            
  ---------- ---------------- ---- ---- ---- ---- ---- ----
  ND         \-               \-   \-   \-   \-   1    \-
  NHGUC      1                5    1    \-   \-   7    4
  AUC        1                2    \-   \-   1    \-   5
  SHGUC      9                4    \-   1    2    \-   
  HGUC       10               \-   \-   \-   \-   \-   \-
  LGUN       \-               4    \-   1    \-   \-   \-
  Others     \-               \-   \-   \-   1    \-   \-
  Total      21               15   1    2    4    8    9

ND: Nondiagnostic; NHGUC: Negative for high-grade urothelial carcinoma; AUC: Atypical urothelial cells; SHGUC: Suspicious for high-grade urothelial carcinoma; LGUN: Low-grade urothelial neoplasm; HGUC: High-grade urothelial carcinoma; LGUC: Low-grade urothelial carcinoma; PUNLMP: Papillary urothelial neoplasm of low malignant potential; CIS: Carcinoma *in situ*

The sensitivity, specificity, accuracy, PPV, and NPV and accuracy of TPS in comparison to CSR are depicted in [Table 4](#T4){ref-type="table"}. The positive predictive percentage of HGUC for each of the diagnostic categories in TPS is shown in [Table 5](#T5){ref-type="table"}.

###### 

Comparison between current system of reporting and The Paris system (with 95% confidence interval)

                              Current system of reporting   The Paris system
  --------------------------- ----------------------------- ------------------
  Sensitivity                 57.50%                        83.33%
  Specificity                 75.51%                        89.40%
  Positive predictive value   65.71%                        87.50%
  Negative predictive value   68.52%                        85.70%
  Accuracy                    67.42%                        86.52%

###### 

Correlation of cytology and histopathology with positive predictive value (for HGUC) of each category using the Paris system

  Histopathology    TPS cytology                 
  ----------------- -------------- ------ ------ -----
  Benign            11             5      0      0
  CIS               \-             \-     1      \-
  LGUN              6              2      4      0
  HGUC              1              1      9      10
  PPV for HGUC, %   5.6            12.5   64.3   100

TPS: The Paris System; CIS: Carcinoma *in situ*; LGUN: Low-grade urothelial neoplasm; HGUC: High-grade urothelial carcinoma; PPV: Positive predictive value; NHGUC: Negative for high-grade urothelial carcinoma; AUC: Atypical urothelial cells; SHGUC: Suspicious for high-grade urothelial carcinoma

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Urine cytology is an inexpensive tool for the initial screening of patients presenting with painless hematuria. Numerous reporting systems have been used for accurate diagnosis of urothelial lesions. The recent TPS reporting of urine cytology evolved with emphasis on UCs and detection of HGUC.\[[@ref8]\]

Among urothelial neoplasms, HGUC has more aggressive biologic behavior. Chaux *et al.* in a review of a large series of cases stated that tumor recurrence and progression were encountered in 36.5% and 40% cases, respectively. Metastatic rate observed was 20% and 15.3% of patients died of disseminated disease.\[[@ref11]\]

This study evaluated TPS in urine cytology in 90 cases presenting with painless hematuria and compared with CSR. The median age of patients with UCs was 62 years and was more common in males as seen in other studies.\[[@ref12][@ref13][@ref14][@ref15]\]

In our study, by applying strict cytologic criteria of TPS, the prevalence of cases in the different diagnostic categories changed in comparison to CSR. The rate of reporting of AUC category reduced to 11.1% when compared with CSR where the rate was 16.7%. This is in accordance to other studies using TPS wherein the rate of reporting of "AUC" varies from 1.9% to 23.2%.\[[@ref16][@ref17][@ref18][@ref19]\] However, the PPV percentage of AUC category with subsequent histopathologic diagnosis of HGUC increased from nil to 12.5%.

Hence, the PPV of TPS for HGUC in the AUC category was better than CSR. This is attributed to the requirement of specific criteria of atypia in TPS wherein nucleocytoplasmic ratio \>0.5 along with hyperchromasia or coarse chromatin or irregular rim of chromatin is essential for diagnosis of the AUC category \[[Figure 1a](#F1){ref-type="fig"}\].

![(a) AUC with mild atypia (Papanicolaou stain ×200). (b) SHGUC showing \<10 cells with severe atypia (arrow) (Papanicolaou stain ×200). (c) HGUC showing \>10 cells with severe atypia (Papanicolaou stain ×200). (d) LGUN showing fibrovascular core and mild atypia (Papanicolaou stain ×100)](JCytol-36-169-g001){#F1}

In this study, 5 of 15 cases (33%) of the previously reported "AUCs -- favor reactive" category were reclassified as NHGUC using TPS. Similar to this, Miki *et al.*\[[@ref20]\] applied TPS on previously reported "atypical urothelial cytology" samples and reclassified 70.3% of these cases as NHGUC. The increase in NHGUC category and the reduction in AUC category are a consequence of applying the TPS criteria which clearly states that in the presence of mild atypia and absence of significant clinical, radiologic, and endoscopy findings, cases should be assigned to the NHGUC category.

Our findings also suggest that the quantitative criteria of categorizing smears with severely atypical cells present in numbers less than 5--10 cells as SHGUC and more than or equal to 10 cells as HGUC, as recommended by TPS to distinguish SHGUC and HGUC, are valid \[Figure [1b](#F1){ref-type="fig"} and [c](#F1){ref-type="fig"}\]. This is reflected by the PPV for the detection of HGUC on histopathology which varied significantly in the two categories (64.3% and 100%, respectively). Utility of these criteria of TPS also resulted in 11.1% increase (2 of 18 cases) in the detection rate of HGUC in comparison to our CSR.

Among SHGUC cases by TPS, 56.25% were diagnosed as HGUC, 25% as low-grade UC (LGUC), 6.25% as CIS, and 12.5% as secondary tumors from prostate and renal cell carcinoma infiltrating the bladder by histopathology. Straccia *et al.*\[[@ref16]\] also found that among SHGUC cases, 38.5% and 7.7% were HGUC and LGUC on histopathology, respectively.

TPS also enabled categorization of malignant cases as HGUC (11.1%) and LGUN (5.6%) which was not possible with CSR. All cases reported as HGUC on cytology using TPS were HGUC on histopathology as well. Straccia *et al.*\[[@ref16]\] in their study found 82% of HGUC cases on cytology to be diagnosed as HGUC on histopathology as well.

Among the LGUN cases by TPS, four of five (80%) were diagnosed as LGUC on histopathology, while in one case a diagnosis of CIS was rendered as noted by other authors.\[[@ref16][@ref17]\] The presence of papillary cell fragments with fibrovascular cores with the presence of cells with evidence of mild nuclear atypia which falls short of HGUC supports a diagnosis of LGUN \[[Figure 1d](#F1){ref-type="fig"}\].\[[@ref8][@ref16]\] The term "LGUN" used in TPS comprises LGUC, papillary urothelial neoplasm of low malignant potential, and papilloma. This is due to the absence of well-defined discriminating cytologic criteria to distinguish these lesions. Distinguishing LGUC from upper urinary tract reactive changes is difficult in view of overlapping cytomorphologic findings.\[[@ref8]\]

The PPV percentage for HGUC was highest for the TPS cytologic category HGUC (100%) followed by SHGUC (64.3%), AUC (12.5%), and NHGUC (5.6%). This is in concordance to other studies performed using TPS wherein the risk for malignancy varies from 0% to 10% for "NHGUC" category, 50%--90% for "SHGUC," and more than 90% for "HGUC" category.\[[@ref10][@ref12][@ref13]\] The high rate of detection of HGUC on cytology is attributed to the fact that shedding of dyscohesive malignant cells in urine is greater in HGUC compared with LGUN.

The proposed utility of TPS is for detection of HGUCs. The accuracy of TPS in detecting malignancy was 86.52% and was better in comparison to CSR (67.4%). The sensitivity and specificity of TPS were 83.3% and 89.4%, respectively, when compared with CSR where sensitivity and specificity were 57.5% and 75.5%, respectively. The PPV of TPS also improved to 87.5% in comparison to 65.7 in CSR and NPV of 85.7% of TPS (CSR NPV 68.5) \[[Table 5](#T5){ref-type="table"}\]. Malviya *et al.*\[[@ref15]\] in their study found a higher sensitivity of 95% and a comparable accuracy of 86.2% on using TPS. The increase in sensitivity was a result of decrease in the cases in the AUC category and increased detection rate of HGUC.

These findings clearly indicate where on instances that the cytology is reported as HGUC or SHGUC by TPS, there is very high probability of malignancy, whereas a negative result does not always imply the absence of malignancy.\[[@ref8][@ref16][@ref17]\] The recommended management for SHGUC and HGUC is similar and requires further investigation to identify the source of suspicious or malignant cells.\[[@ref8]\]

TPS facilitated the standardization of urine cytology reporting and significantly increased the sensitivity of diagnosing HGUC. This study is limited by the interpretation of cytological findings by a single pathologist and further studies addressing interobserver variability should be considered.

TPS not only addresses the issue of increasing the diagnostic yield (improves sensitivity and accuracy) of HGUC but also reduces the reporting of AUC in the presence of benign inflammatory pathology in the bladder. Hence, from this study, we conclude that urinary cytology is a valuable and inexpensive screening tool to plan further management of patients with hematuria and in those with clinical suspicion of malignancy. Towards this endeavor, TPS gives clear criteria-based guidelines for reporting urinary cytology which ensures uniformity of reporting.
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